Background Elderly patients with hip fracture are at risk for cardiac complications. N-terminal pro-brain type natriuretic peptide (NT-proBNP) has been shown to predict cardiac complications in surgical patients; however, to our knowledge, only two studies have evaluated the utility of this test in patients with hip fracture. We believe it is important to assess a more accurate cutoff value of NTproBNP with exclusion of patients with renal failure. Questions/Purposes To assess the association between preoperative NT-proBNP and cardiac complications after hip fracture surgery. Methods We performed 450 surgical procedures in patients with hip fractures between January 2011 and December 2014. Exclusion criteria were renal dysfunction and inadequate laboratory tests. The final study population consisted of 328 patients (mean age, 83 years; 80% women). Preoperatively, measurement of NT-proBNP level was performed. The primary endpoint was the occurrence of cardiac complications within 14 days after surgery based on a chart review. The predictive value of NT-proBNP was assessed using multivariate logistic regression analysis, controlling for relevant confounding variables such as age, gender, body weight, and renal function; we also performed receiver operating characteristic (ROC) curve analysis. Postoperative cardiac complications were encountered in 7% of patients (24 of 328). Results The median preoperative NT-proBNP level was higher in patients with complications than in those without (1090 [interquartile range, 614-3191 pg/mL] vs 283 pg/ mL [interquartile range, 137-507 pg/mL], p \ 0.001). The cutoff level of NT-proBNP determined by ROC curve analysis was 600 pg/mL, with a sensitivity, specificity, positive predictive value, and negative predictive value of 79%, 81%, 25%, and 98%, respectively, and the area under the ROC curve was 0.87 (95% CI, 0.80-0.
Introduction
In Japan, nearly 150,000 patients experienced a hip fracture in 2007, and one prediction suggested this number is likely to increase to 250,000 by 2020 [13] . Hip fracture surgery is associated with high in-hospital mortality (1.38%; mean length of stay 35 days) and frequent cardiac complications (1.07%) [9] , so identification of patients at risk for postoperative cardiac events is crucial [2, 12, 16] . Before and after surgery, routine conventional clinical assessments often are performed, but they often are insufficient. Patients with identifiable risk factors for cardiac disease may undergo noninvasive examinations for ischemia and cardiac function; however, these methods involve high healthcare costs, and can be time consuming. Therefore, it is desirable to identify patients at risk for postoperative cardiac complications more easily, accurately, and less expensively.
Several tools can help clinicians anticipate complications after hip fracture surgery, including the American Society of Anesthesiologists (ASA) classification [18] , American Heart Association (AHA) guidelines [5] , Goldman Cardiac Risk Index (GCRI) [7] , and Revised Cardiac Risk Index (RCRI) [10] . Although those evaluation tools cost nothing to apply and are relatively accurate, many orthopaedic surgeons are not familiar with the most-useful ones on that list (the AHA guidelines, the GCRI, and the RCRI), and those may need technical examinations such as auscultation by cardiologists or internists; they also are not completely accurate. To date, there have been two reports for the role of N-terminal probrain type natriuretic peptide (NT-proBNP) as a predictive factor for postoperative cardiac complications or mortalities in patients with hip fractures [12, 14] . An earlier small study on orthopaedic patients found preoperative B-type natriuretic peptide (BNP) elevation to be superior to the ASA classification in independently predicting postoperative cardiac complications [19] .
However, those studies also included patients with hip fractures who have renal dysfunction, even though NTproBNP level is known to be strongly affected by renal function [17] .
We therefore wished to assess the association between preoperative NT-proBNP and cardiac complications during the immediate postoperative period after hip fracture surgery.
Patients and Methods

Study Design and Setting
This was an observational followup study to assess the association between preoperative NT-proBNP and cardiac complications during the first 2 weeks after hip fracture surgery. The study complied with the principles of the Declaration of Helsinki, and the study protocol was approved by the Ethics Committee of Enshu Hospital. All participants gave written informed consent to participate before the start of the study.
Participants/Study Subjects
Between January 2011 and December 2014, we performed 450 surgical procedures in patients with hip fractures. Of those, 439 (98%) underwent measurement of NT-proBNP; during this time, we generally used the test for all patients with hip fractures with planned surgery. We generally did not use the test when informed consent for surgery or measuring NT-proBNP could not be obtained from the patient or patient's relatives. All 439 (100%) patients had complete datasets including surgical data and postoperative records sufficient for analysis. Patients with renal dysfunction (creatinine clearance \ 30 mL/minute; estimated by the Cockcroft and Gault method [4] ) were excluded because renal function is known to strongly affect NT-proBNP level [17] ; the final study population consisted of 328 patients with hip fractures. Most of the patients were female (263 of 328; 80%), and the mean age was 83 years (range, 32-98 years). During the preoperative period, a conventional clinical assessment including routine physical examination, medical history, medication history, chest radiograph, ECG, and laboratory assessment of cardiovascular risk factors was performed in all patients and NT-proBNP concentration also was measured. The 12-lead ECGs were recorded after patients had rested for 1 minute in the supine position in an air-conditioned room.
Surgical risk was estimated according to the ASA classification. When NT-proBNP levels were greater than the normal range ([ 125 pg/mL) or conventional clinical assessments were abnormal, we had cardiologists evaluate the need for additional tests including an echocardiogram, and perform preoperative assessment again as well as postoperative followup. Furthermore, we consulted anesthesiologists for cardiac care during surgery. Among the 328 patients, 42 patients (12.8%) underwent transthoracic echocardiography based on a cardiologist's decision, and left ventricular ejection fraction was determined from Bmode images by using the Teichholz method, as described by Pombo et al. [15] .
Measurement of Serum NT-proBNP Concentrations
For measurement of NT-proBNP, blood samples were taken from a peripheral vein. Serum samples were prepared within 30 minutes of collection by precooled centrifugation, and the serum NT-proBNP concentration was measured using an electrochemiluminescent immunoassay (ECLIA) kit (Roche Diagnostics, Tokyo, Japan) on an Elecsys 1 2010 analyzer (Roche). Blood was drawn on the day of or up to 48 hours before surgery. Preoperative NTproBNP level was known in real time, and investigators were not blinded to these results.
Variables, Outcome Measures, Data Sources, and Bias Patient characteristics and medical and demographic details were obtained by reviewing medical documentation. Serial determination of myocardial necrosis markers and echocardiography also were performed for patients with chest pain, shortness of breath, sudden hemodynamic changes, or supraventricular or ventricular arrhythmias during the postoperative period. Cardiac complications and outcomes were considered to have occurred if they were documented in medical records. Medical records were documented as part of routine care; evaluation of those records for purposes of this study was performed by one of the authors (HU).
Cardiac complications were defined as congestive heart failure, major arrhythmia, acute myocardial infarction, or cardiac death. Congestive heart failure was diagnosed by means of clinical examination and chest radiography. Cardiac arrhythmia was defined as sustained ventricular tachycardia, new onset or in rapid response to atrial fibrillation. Acute myocardial infarction was defined as an elevation of myocardial necrosis markers by two times above the upper limits of the normal range in association with suggestive symptoms or new Q waves on the ECG. Cardiac death was defined as death from cardiac causes during the hospitalization. The endpoint of the study was the composite rate of 14-day postoperative cardiac complications. The first event was considered an outcome measure, with no double counting of events for the same patient.
Statistical Analysis, Study Size
Categorical variables were expressed as an absolute number and percentage and analyzed by the chi-square test or Fisher's exact test as appropriate. Continuous variables with normal distribution were expressed as mean ± SD and analyzed by using the unpaired t-test, whereas age, body weight, creatinine clearance, NT-proBNP values, and length of surgery, which were not normally distributed, were expressed as median and interquartile range and analyzed by the Mann-Whitney U test. Probability values less than 0.01 were considered significant. Age, gender, body weight, laboratory data, ASA classification score, preoperative complications, current medication, cardiac examinations, and surgical factors were used as independent variables (Table 1) .
NT-proBNP levels were dichotomized according to the best cutoff value established from receiver operating characteristic (ROC) curve analysis. Serum NT-proBNP levels are known to be critically affected by numerous factors including kidney function [17] , age [8] , gender, and body weight [6] . In the univariate analysis, age, gender, body weight, and variables with a probability less than 0.01 (Table 2) were included in the multivariate logistic regression model to determine the variables independently related to the postoperative outcome measures. Statistical analysis was conducted using SPSS Version 23.0 (IBM, Armonk, NY, USA) and Excel 1 2013 (Microsoft Corporation, Redmond, WA, USA).
Baseline Characteristics
An abnormal resting ECG was found in 96 patients (29.3%) ( Table 1) ; in detail, ST-T segment or T wave abnormalities were observed in 67 (4%), left bundle branch block in 12 (3.7%), atrial fibrillation in 11 (3.4%), Q wave suggestive of previous acute myocardial infarction in three (0.9%), and frequent premature ventricular complexes in three (0.9%). Postoperative cardiac complications were encountered in 24 patients (7.3%); congestive heart failure in 16, major arrhythmia in three, acute myocardial infarction in four, and cardiac death in one. The retrospective comparison of the baseline characteristics of patients with and without cardiac events was presented (Table 2) . Patients with cardiac events tended to have lower creatinine clearance, higher ASA scores, the presence of congestive heart failure, atrial fibrillation, use of warfarin, and abnormal resting ECG, and these were considered in our multivariate model.
Results
The median level of preoperative NT-proBNP was higher in patients with postoperative complications than in those without (1090 [interquartile range, 614-3191 pg/mL] vs 283 pg/mL [137-507 pg/mL], p \ 0.001). After controlling for relevant confounding variables including age, gender, body weight, and creatinine clearance, we found that preoperative NT-proBNP greater than 600 pg/mL (odds ratio [OR], 12.902; 95% CI, 4.389-37.926; p \ 0.001) and ASA classification (OR, 5.368; 95% CI, 2.214-13.630; p \ 0.001) were independently associated with postoperative cardiac complications. We identified no other factors that were independently associated with postoperative cardiac events ( Table 3 ). The ROC curve analysis ( Fig. 1 ) indicated that the best cutoff level of NTproBNP for predicting postoperative cardiac complications was 600 pg/mL, with sensitivity, specificity, positive predictive value, and negative predictive value of 79%, 81%, 25%, and 98%, respectively. The area under the ROC curve (AUC) was 0.87 (p \ 0.001; 95% CI, 0.796-0.936).
Discussion
Elderly patients undergoing hip fracture surgery are at risk for cardiac complications, which are not consistently predicted by conventional preoperative clinical assessments. As these complications adversely affect the short-term prognosis during the postoperative period, it is desirable to identify patients at risk for postoperative cardiac complications more easily, accurately, and less expensively [2, 12, 16] . There are various available tools for identification of risk for postoperative cardiac complications other than ASA classification, including the AHA guidelines, GCRI, and RCRI. However, those tools consist of known cardiac risk factors including medical histories or physical examinations. Even when no abnormalities were detected on routine preoperative assessments, some patients experience postoperative cardiac events. Others have suggested that preoperative NT-proBNP is associated with postoperative cardiac complications in patients with hip fractures [12, 14] , but those studies included patients with renal dysfunction. As NT-proBNP values are known to be influenced by renal function [17] , we sought to assess more accurately the association between preoperative NT- proBNP and cardiac complications after hip fracture surgery by excluding patients with renal dysfunction. This study had several limitations. First, blinded NTproBNP measurements were not performed because of the nature of our study. When preoperative NT-proBNP levels were greater than the normal range, we consulted cardiologists for further evaluations, or contacted anesthesiologists to discuss anesthesia during the operation. The second limitation was that only the ASA classification was evaluated as the preoperative risk assessment tool for physical status. The ASA classification score was shown to be a useful predictor of postoperative complications; however, its subjectivity results in considerable interobserver variation and disagreement [1, 11] . The GCRI and RCRI might be more useful tools to assess cardiac function than the ASA classification, but both of those indices are influenced by renal function. Because our study excluded patients with renal dysfunction, we believe that neither of these indices was suitable for this study. Third, only preoperative NT-proBNP levels were assessed in the study. Left ventricular dysfunction or cardiac failure might have developed postoperatively in some patients despite preoperative cardiac function being normal. Chong et al. [3] reported that preoperative and/or postoperative NT-proBNP could be used as a perioperative screening marker either to identify patients at high risk for postoperative cardiac complications or to continue to guide management. A comparison between preoperative and postoperative NT-proBNP levels might be more useful for clarifying the onset of complications. The fourth limitation was that the patients with renal dysfunction (111 of 439; 25.3%) were excluded in our study, although some elderly patients with hip fractures actually do have impaired renal function. However, future studies should include broader patient populations to validate the use of NT-proBNP as a risk factor in patients with renal dysfunction. The fifth was that echocardiography was performed in only 42 patients, limiting the comparison of NT-proBNP with echocardiographic results. Whether it was performed was at the cardiologist's discretion, and the cardiologist did have access to the NT-proBNP values. However, the main objective of our study was to compare the performance of NT-proBNP with the routine preoperative examinations, medical history, and physical examination. Finally, our study did not deal explicitly with cost-effectiveness. That said, the NT-proBNP test costs USD 13 (Japanese yen [JPY] 1400) at our center, compared with USD 80 (JPY 8800) for an echocardiogram, therefore the cost for the NTproBNP does not seem to be a large expense considering its potential advantages. The utility of NT-proBNP in anticipating postoperative cardiac complications has been reported by others in orthopaedic populations [3, 12] . According to Chong et al. [3] , the cutoff level of NT-proBNP (842 pg/mL) had a sensitivity of 90% and specificity of 74% for postoperative cardiac complications after emergency lower-limb orthopaedic surgery. Their study population was similar to ours, except they included patients with renal dysfunction, which likely explained the higher NT-proBNP cutoff point they obtained. According to Nordling et al. [12] , an elevated perioperative NT-proBNP level is common in patients with hip fracture, and it is an independent predictor of shortterm and long-term mortality superior to the commonly used clinical risk scores. Although their study was conducted for a longer period than our study, it had several limitations. First, their study had smaller numbers of patients (n = 182) compared with our study (n = 328), and they included patients without preoperative NTproBNP values, which might result in elevated cutoff values from surgical stress. Although NT-proBNP is NT-proBNP = N-terminal pro-B type natriuretic peptide; ASA = American Society of Anesthesiologists; *the odds ratio increase for ASA classification is presented for each grade; in other words, the odds ratio increases 5.4-fold for each ASA grade increase (from ASA 1 to 2, from 2 to 3, etc). Fig. 1 The NT-proBNP for prediction of cardiac outcome measures using ROC curve analysis is shown. The value of 600 pg/mL represents the cutoff point of NT-proBNP with the best sensitivity and specificity. NT-proBNP = N-terminal pro-brain type natriuretic peptide; ROC = receiver operating characteristic; AUC = area under the curve.
strongly affected by kidney function, their study did not include an index of renal function such as serum creatinine or creatinine clearance. In their study, 11 patients (6%) died during the first 30 days after hospitalization among a total of 182 patients. Only one of 328 patients (0.3%) in our study died within 14 days. Early interventions by cardiologists or anesthesiologists in the case of high preoperative levels of NT-proBNP may have helped to decrease the early mortality in our study patients. In our study, eight of 24 patients with postoperative cardiac complications did not have preoperative cardiac risk factors such as a history of congestive heart failure, atrial fibrillation, current beta-blocker or warfarin use, or an abnormal ECG (Table 2 ). However, the mean NTproBNP levels for those eight patients was 1028 pg/mL; our results suggest that NT-proBNP greater than 600 pg/ mL was sensitive and specific for anticipating postoperative cardiac complications. We believe that when NTproBNP is greater than 600 pg/mL even in patients without preoperative known cardiac risks, it is advisable to consult cardiologists and/or anesthesiologists, and to obtain informed consent from patients' families regarding to possible postoperative cardiac complications. Our findings suggest that NT-proBNP could help to identify patients who might need additional tests such as echocardiography for more precise evaluation of the postoperative cardiac risk.
Preoperative NT-proBNP greater than 600 pg/mL is independently associated with an increased risk of postoperative cardiac complications in patients with hip fractures who do not have renal dysfunction. Measurement of NTproBNP in addition to conventional preoperative cardiac examinations may help anticipate postoperative cardiac complications after hip fracture surgery. Future studies might develop a simple index for prediction of postoperative cardiac complications including more-refined cutoff values of NT-proBNP, especially in patients with no previous cardiovascular history and who take no medications.
